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impede	 new	 populations’	 survival	 beyond	 the	 edge	
(Hutchinson,	 1957).	Despite	 some	minor	 fluctuations	
due	 to	 temporal	variability	 at	 the	 range	edge	 (Sexton	
et	al.,	2009),	the	long-term	distribution	of	most	native	
species	is	stable,	and	the	situation	is	described	as	being	
in	 a	 range	 edge	 equilibrium	 (REE)	 (Stanton-Geddes	
et	al.,	2012).	
Biological	invasions	consist	of	the	spread	of	invasive	
alien	 species	 in	 a	 new	 range,	where	 they	 historically	
have	not	been	present	(Mack,	1981).	At	first,	this	new	





2010).	 Due	 to	 the	 damage	 that	 invasive	 species	 can	










number	 of	 individuals	 in	 a	 population	 changes	 in	 a	
given	 time	period.	 It	 informs	on	whether	 the	number	
of	 individuals	 is	 increasing,	 stable	or	decreasing,	 and	
how	fast	 it	 is	changing.	Conventionally,	 the	factor	by	








years.	The	measurement	 of	 λ	 beyond	 the	 range	 edge	
can	be	used	to	test	the	hypothesis	of	a	REE	(Stanton-
Geddes	et	al.,	2012;	Hargreaves	et	al.,	2014).	Finding	
that	 λ	 is	 reduced	 below	 replacement	 (λ	<	1)	 beyond	
the	edge	would	indicate	that	the	species	distribution	is	
stable.	Occurrences	 of	 a	 population	 beyond	 the	 edge	
do	 not	 automatically	 disprove	 REE.	 For	 example,	
casual	 populations	 may	 persist	 several	 years	 despite	
unsuitable	 environmental	 conditions	 that	 limit	 their	
reproduction.	The	occurrence	of	such	populations	can	




Ambrosia artemisiifolia	 L.	 (Common	 ragweed,	





it	 is	 causing	 a	 health	 crisis	 because	 of	 its	 allergenic	
pollen	(Kazinczi	et	al.,	2008;	Smith	et	al.,	2013).	The	
invasion	 is	 mostly	 favored	 by	 human	 activity	 and	
mostly	grows	along	roads,	riverbanks,	wastelands	and	
cultivated	fields	(Bassett	&	Crompton,	1975).	Because	
the	 sunflower	and	A. artemisiifolia	 are	both	 from	 the	




facilitate	 the	 chemical	 treatment	 of	A. artemisiifolia,	
high	 densities	 of	 the	 plant	 can	 often	 be	 observed	 in	
sunflower	fields	(Genton	et	al.,	2005;	Fumanal	et	al.,	
2008a;	Pinke	et	al.,	2013).
The	 species	 can	 show	 considerable	 phenotypic	
variation,	 both	 in	 terms	 of	 plant	 size	 (Leiblein-Wild	
&	Tackenberg,	2014;	Ortmans	et	al.,	2016a)	and	seed	
traits	 (Fumanal	et	al.,	2007a;	Ortmans	et	al.,	2016b).	
Plant	 height	 can	 vary	 from	 0.1	 to	 2.5	m	 according	
to	 environmental	 conditions	 (Essl	 et	 al.,	 2015).	 A	




long-term	 persisting	 seedbank	 (Bassett	&	Crompton,	
1975;	 Fumanal	 et	 al.,	 2008b)	 that	 appears	 to	 play	 a	
major	role	in	the	invasion	process	(Baskin	&	Baskin,	
1980;	Guillemin	&	Chauvel,	2011).	This	is	especially	







2009;	 Pinke	 et	 al.,	 2011;	 Skjøth	 et	 al.,	 2013;	 Smith	
et	al.,	2013;	Essl	et	al.,	2015;	Ortmans	et	al.,	2016a).	
Currently,	there	are	three	main	regions	that	are	highly	
invaded	 in	Europe	 (Skjøth	 et	 al.,	 2013;	 Smith	 et	 al.,	
2013;	Essl	 et	 al.,	2015):	 the	 southeast	of	France	 (the	
Rhône	Valley;	Chauvel	et	al.,	2006),	the	north	of	Italy	
(the	 Po	 region)	 and	 a	 larger	 area	 including	 western	
Austria	 (Essl	 et	 al.,	2009),	 southern	Czech	Republic,	
southern	Poland,	Slovakia,	Hungary	 (Kazinczi	 et	 al.,	
2008;	Pinke	et	al.,	2011),	Slovenia,	Croatia,	Bosnia	and	
Herzegovina,	Serbia,	Ukraine,	and	Romania.	
North	 of	 these	 highly	 invaded	 areas,	 the	 species	




distribution	of	A. artemisiifolia	 appears	 to	 be	 limited	












Furthermore,	 in	 Belgium,	 A. artemisiifolia	 is	 still	
considered	 a	 casual	 non-naturalized	 species,	 because	
the	 local	 climate	 is	 described	 as	 limiting	 the	 plant’s	
development	(Lambinon	et	al.,	2004;	Verloove,	2006;	
Martin	 &	 Lambinon,	 2008).	 In	 contrast,	 several	
authors	have	predicted	 that	 the	 species	will	probably	
increase	its	distribution	northwards	(Cunze	et	al.,	2013;	
Chapman	et	al.,	2014;	Storkey	et	al.,	2014;	Leiblein-
Wild	 et	 al.,	 2016).	 This	 situation	 leads	 to	 questions	
about	whether	the	invasion	will	indeed	stabilize.	Given	
that	A. artemisiifolia	 is	highly	detrimental	 to	humans	
(Kazinczi	et	al.,	2008;	Smith	et	al.,	2013),	there	is	an	
urgent	 need	 to	 determine	 if	 the	 invaded	 range	 will	
expand	or	not.
The	 species’	 invasion	 appears	 to	 be	 linked	 to	





thrives	 in	 agricultural	 habitats	 are	 therefore	 needed	
(Pinke	et	al.,	2013;	Ozaslan	et	al.,	2016).	In	sunflower	
fields,	 the	 competition	 inflicted	 on	 weed	 species	 is	
not	 expected	 to	 be	 homogeneous	 all	 over	 the	 field.	
For	example,	in	field	margins,	the	sunflower	densities	

















invaded	 range	 in	Western	 Europe.	 There	 have	 been	
many	 occurrences	 of	 the	 species	 close	 to	 the	 study	
site	 (Bullock	 et	 al.,	 2012;	Ortmans	 et	 al.,	 2016a),	 so	
this	 experiment	does	not	 risk	 introducing	 the	 species	
into	 a	 virgin	 territory.	The	 experimental	 context	was	
a	sunflower	field.	Ambrosia	artemisiifolia	plants	from	
eight	 different	 populations	 from	 France	 were	 left	
to	 grow	 and	 reproduce,	 with	 or	 without	 sunflower	
competition.	 To	 take	 into	 account	 the	 variation	
induced	 by	 the	 origin	 of	 the	 population,	 this	 factor	
was	explicitly	 introduced	into	 the	analysis.	After	 two	




sampled	 populations	 in	 France	 —	 Localisation des huit 








et	al.,	2013)	—	Les symboles en croix indiquent l’emplacement 
des populations. Les lettres majuscules renseignent le code des 
populations. Le triangle plein montre l’emplacement du jardin 
expérimental. La surface grise disposant d’un contour discontinu 
représente la zone où la densité de pollen d’A.	artemisiifolia est 
supérieure à 100 grains.m-3.an-1. Cette surface est considérée 
comme l’aire d’invasion actuelle (adaptée de la carte pollinique 
dans Smith et al., 2013 d’après Skjøth et al., 2013). 
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2. MATERIALS AND METHODS
2.1. Seed collection
The	seeds	were	collected	 in	 the	nearest	 invaded	area	
from	Belgium,	in	France.	The	seed	collection	occurred	
in	 the	 autumn	 2011	 in	 eight	 populations	 (Figure 1).	
A	 population	 was	 defined	 as	 a	 set	 of	 individuals	 of	
the	 same	 species	 growing	 on	 a	 uniform	 landscape	
element,	at	a	given	moment.	Populations’	habitat	was	










containing	 a	 thin	 layer	 of	 moisturized	 soil	 from	 the	
study	site.	Trays	were	put	in	a	greenhouse	in	order	to	
induce	germination,	but	without	supplementary	heating,	
ventilation	 or	 lightning.	On	 the	 1st	 of	May	2013,	we	
selected	 48	seedlings	 at	 the	 same	 development	 stage	
(i.e.,	with	 only	 cotyledons)	 of	 each	 population	 to	 be	
transplanted	into	the	field	experiment.	
The	 field	 experiment	 was	 established	
approximatively	250	km	north	of	the	current	invasion	










eight	 populations	 (A	 to	H),	 and	 six	 seedlings	 of	 that	





were	 randomly	 selected	 to	 receive	 the	 sunflower	
competition.	This	 competition	was	 applied	 following	
the	 agricultural	 technical	 itinerary	 available	 on	 the	
website	of	the	French	Technical	Institute	for	oilseeds,	
protein	 crops,	 and	 hemp	 and	 their	 chains	 (Cetiom,	
2013).	 This	 itinerary	 informs	 about	 the	 density	 and	
spacing	of	sunflower	rows	used	in	French	agriculture	
(i.e.,	 a	 density	 of	 six	 sunflowers	 by	 square	 meter	
and	a	 spacing	of	50	cm	between	 rows).	Thus,	on	 the	
1st	 of	 May	 2013,	 we	 sowed	 12	sunflowers	 on	 three	
equidistant	 rows	 spaced	 by	 50	cm	 in	 each	 plot,	with	
the	 center	 row	 aligned	 to	 the	middle	 of	 the	 plot.	On	













avoid	 inducing	 too	 much	 changes	 in	 environmental	
conditions,	e.g.,	a	decrease	in	the	light	received	by	the	
plants,	or	an	increase	in	temperature	within	the	frame,	
the	 fabric	was	only	fixed	until	 the	 31st	 of	September	
2013.	 To	 prevent	 this	 experiment	 from	 acting	 as	 a	
source	 population,	 or	 from	being	 a	 new	 introduction	
focus,	 we	 took	 caution	 to	 limit	 seed	 dispersal.	 We	





In	 the	 second	 growing	 year,	 on	 the	 3rd	 of	March	
2014,	 we	 mimicked	 tillage	 by	 scratching	 the	 soil	
surface	 with	 a	 rake.	 On	 A. artemisiifolia	 seedlings’	
first	emergence,	on	the	27th	of	March	2014,	we	sowed	
once	 again	 sunflowers	 following	 the	 same	 protocol.	
The	sowing	occurred	on	the	same	plots	as	the	previous	
year,	to	perpetuate	the	sunflower	competition.	
Following	 the	 end	 of	 the	 experiment,	 all	 the	









2.3. Plant performance measurements
In	 order	 to	 obtain	 a	 non-destructive	 measurement	
of	 the	 plant	 performance	 at	 the	 end	of	 the	first	 year,	
we	 measured	 the	 height	 and	 diameter	 of	 all	 the	










































the	 sunflower	 sowing,	 and	 the	 other	 weed	 species	
removal.
The	 second	 year,	 on	 the	 1st	 of	 August	 2014,	
we	 counted	 the	 number	 of	 plants	 in	 each	 plot	 by	 a	
subsampling	 method.	 The	 subsamples	 consisted	 of	
three	 randomly	 placed	 frames	 of	 290	cm²	 within	 the	
plot.	The	 total	 number	 of	 offspring	 by	 plot	was	 then	






for	 four	 days	 at	 80	°C	 then	 weighted	 to	 the	 nearest	
1	g	 (Optiss	 BC5000V1,	 Tefal,	 Sarcelles,	 France)	 to	
determine	 the	 offspring	 biomass.	 The	 biomass	 of	
A. artemisiifolia	 is	 closely	 related	 to	 the	 quantity	 of	





diameter	 and	 10	cm	 depth	 were	 sampled	 randomly	
at	 the	 surface	 of	 each	 plot.	 The	 carrots	 were	 plastic	
bagged,	moistened,	 and	 then	 stratified	 for	 6	weeks	 at	
5	°C.	After	 the	 stratification,	 the	 soil	 in	 the	bags	was	
spread	in	a	thin	layer	within	15.1	x	20.2	cm	aluminum	










In	order	 to	compare	 the	weather	 that	occurred	during	
the	two	experimental	years,	the	regional	climate,	annual	
mean	temperature	and	precipitation	data	since	1998	were	






The	 variations	 of	 the	 plant	 performance-related	 traits	




of	 variance	 (ANOVA).	We	 included	 the	 competition	
as	 a	 fixed	 effect,	 and	 population	 as	 a	 random	 effect.	
The	 interaction	 between	 population	 and	 competition	
was	included	in	the	model.	No	variable	transformation	





and	 ranged	 from	0.232	m³	 to	2.630	m³.	The	offspring	





306	seeds.m-2	 by	 plots.	 The	 complete	 descriptive	
statistics	are	given	in	table 1.	
The	 results	of	 the	 two-way	ANOVAs	showed	 that	
the	competition	exerted	by	sunflowers	had	a	significant	
influence	on	the	biovolume,	but	did	not	have	a	significant	
impact	 on	 the	 variables	 measured	 during	 the	 second	
growing	 year	 (i.e.,	 offspring	 number,	 λ,	 offspring	
biomass,	 and	 dormant	 soil	 seed	 bank;	Table 2).	 The	
populations	only	varied	in	terms	of	dormant	soil	seed	
bank	(Table 2).	The	interaction	between	population	and	
the	 competition	 was	 not	 significant	 for	 any	 response	
variable.	 The	 offspring	 biomass	 and	 the	 λ	 were	 not	
significantly	influenced	by	the	studied	factors	(Table 2).	
To	represent	the	variation	among	the	population	of	the	
measured	 trait	 for	 which	 a	 significant	 variation	 was	
found,	bar	graphs	were	drawn	(Figure 2).	
The	 regional	 climatic	 data	 showed	 that	 the	 two	
considered	 years	 were	 different	 from	 the	 average	
temperature	 and	 precipitations	 that	 occurred	 over	 the	
last	 15	years	 (Figure 3).	The	2013	growing	year	was	
colder	 (10.1	°C)	 than	 the	 mean	 temperature	 between	
1998	 and	 2012	 (11.0	±	 0.121	°C).	 Conversely,	 2014	










The	 processes	 that	 can	 limit	 the	 range	 expansion	
of	 an	 invasive	 species	 can	 be	multiple	 (e.g.,	 genetic	
constraints	 that	 impede	 local	 adaptation,	 too	 harsh	
environmental	conditions	that	limit	population	growth,	
or	dispersal	limitations	to	suitable	sites)	(Monty	&	Mahy,	
Table 1.	Means,	 standard	 errors	 of	 the	mean	 (SE),	minimum	and	maximum	of	 the	measured	plant	 performance-related	
traits	—	Moyennes, erreurs standard de la moyenne, minimum et maximum des traits liés aux performances.	
Variable Mean SE mean Minimum Maximum
Biovolume	(m³) 1.09 0.0592 0.232 2.36
Offspring	number 1,635 111 431 4,789
Population	finite	growth	rate 273 18.4 72 798
Offspring	biomass	(g) 656 27.7 253 1,289
Dormant	soil	seed	bank	(seeds.m-2) 306 50.7 0 2,069
Table 2.	Results	of	the	ANOVA	performed	to	test	the	influence	of	the	population,	the	competition,	and	the	interaction	of	
these	parameters	on	the	plants’	performance	—	Résultats de l’ANOVA réalisée afin de tester l’influence de la population, de 
la compétition et de l’interaction entre ces deux paramètres sur les performances des plants.
Source of variation  df Biovolume Offspring number λ Offspring biomass Dormant SSB
 F P F P F P F P F P
Population 		7 		2.93 0.090 3.73 0.052 3.73 0.052 1.86 0.215 12.17 0.002
Competition 		1 17.07 0.004 1.90 0.211 1.90 0.211 1.14 0.322 		0.09 0.778
Pop.*Comp. 		7 		0.96 0.471 0.98 0.460 0.98 0.460 1.07 0.397 		0.31 0.948
Error 48	
λ:	population	finite	growth	rate	—	taux de croissance fini des populations;	SSB:	soil	seed	bank	—	banque de graine du sol;	bold	values	
are	significant	—	les valeurs en gras sont significatives.	
Figure 2.	Bar	graphs	showing	means	and	standard	errors	of	
biovolume	(a)	and	dormant	soil	seed	bank	(b)	of	Ambrosia	
artemisiifolia	 L.	 experimental	 populations	—	Graphiques 
montrant les moyennes et l’erreur standard sur la moyenne 







blancs représentent les quadrats sans compétition en tournesol, et 
les rectangles gris les quadrats avec une compétition en tournesol. 
Les graphiques représentent les traits pour lesquels des variations 
significatives ont été observées entre populations ou entre niveaux 
de compétition, d’après les résultats de l’ANOVA.A	 B	 C	 D	 E	 F	 G	 H














































When	 introduced	 in	 one	 such	 habitat,	we	 found	 that	
the	species	is	able	to	grow	and	reproduce.	Given	this	
result,	one	can	wonder	why	the	species	is	not	as	present	





machinery	 is	known	 to	spread	A. artemisiifolia	 seeds	
(Bohren,	2006),	and	populations	harbored	in	sunflower	
crops	can	act	as	a	source	for	further	invasion	(Chollet	




This	 situation	 may	 change	 in	 the	 future,	 because	 in	
France,	 the	 development	 of	 early	 flowering	 hybrids	
allows	 sunflower	 cultivation	 increasingly	 northwards	
(Jouffret	 et	 al.,	 2011;	 Cetiom,	 2013).	 In	 addition,	
global	warming	might	also	allow	sunflower	cultivation	
further	 north	 in	 the	 future,	 which	 will	 probably	
have	 consequences	 on	 the	 invasion.	 An	 increase	 in	
the	 distribution	 of	 a	 weed	 species	 has	 already	 been	
reported	as	a	result	of	the	modification	of	
agricultural	 practices.	 For	 example,	 the	
archeophyt	 weeds	 followed	 the	 culturing	
of	cereals	from	the	Middle	East	to	Europe,	
thereby	 increasing	 greatly	 their	 invaded	
range	(Fried	et	al.,	2009).
The	 sunflower	 competition	 impacted	
significantly	 the	 biovolume	 of	 the	 parent	
plant,	but	this	factor	did	not	have	an	impact	
the	following	year:	the	offspring	biomass,	
the	 soil	 seed	 bank,	 and	 the	 lambda	 were	
left	 unaltered.	 This	 observation	 suggests	
that,	 despite	 a	 sensibility	 to	 interspecific	
competition	 (Leskovšek	 et	 al.,	 2012),	
the	 sunflower	 appears	 to	 be	 a	 poor	
competitor	 against	 A. artemisiifolia.	 The	
large	 spacing	 between	 the	 sunflower	
plants	makes	 this	kind	of	 crop	especially	
invasible	 by	 A. artemisiifolia.	 Since	 its	
development	 is	 relatively	 synchronized	
with	 the	 sunflower,	 the	 use	 of	 fertilizer	
or	 the	 suppression	 of	 the	 other	 weeds	
could	 also	 benefit	 A. artemisiifolia,	 and	
therefore	 increase	 the	 invasibility	 of	 this	
type	of	crop.	Given	the	poor	effect	of	the	
sunflower	 competition,	 the	 facilitation	
effect	of	field	margin	situations	is	probably	
of	minor	importance.	
We	 observed	 significant	 variation	 among	
populations	 for	 the	 dormant	 soil	 seed	 bank,	 and	 for	
the	proportion	of	dormant	 seeds	 (Table 2;	Figure 2).	
The	 population	 factor	 was	 almost	 significant	 for	 the	
offspring	number	(P	=	0.052),	and	for	the	λ	(P =	0.052;	
Table 2).	Variation	among	populations	 in	 the	 studied	












The	 seed	bank	 size	was	variable	across	 the	plots,	
probably	 because	 of	 the	 spatial	 heterogeneity	 of	
the	 seed	 rain	 (Rabinowitz	 &	 Rapp,	 1980).	 While	
created	 in	 a	 single	 seed	 rain,	 the	 seed	 bank	 was	
relatively	important,	with	306	(±	51)	viable	seeds.m-2	
on	 average.	 In	 comparison,	 Fumanal	 et	 al.	 (2008b)	
















































































Figure 3.	 Diagram	 of	 the	 annual	 precipitations	 and	mean	 temperature,	
used	 to	 contextualize	 the	 weather	 conditions	 experienced	 in	 2013	 and	
2014,	over	the	last	15	years	—	Diagramme des précipitations annuelles 
et des moyennes de températures utilisées afin de contextualiser les 
conditions météorologiques observées en 2013 et 2014 avec les conditions 




for	comparison	—	Les précipitations annuelles sont représentées à l’aide des 
rectangles gris (axe vertical gauche) et les moyennes de températures à l’aide 
des losanges et de la ligne noirs (axe vertical droit). La ligne segmentée sépare 
les années étudiées des années montrées dans un but de comparaison.
No	range	edge	equilibrium	in	Ambrosia artemisiifolia	 19
a	comparable	range.	These	observations	reinforce	the	
idea	 of	 an	 invasion	 potential	 to	 the	 north	 of	 France.	
In	order	 to	prevent	 the	creation	of	an	 important	 seed	
bank	and	the	population	anchorage	for	years,	the	early	
detection	 of	 the	 newly	 established	 populations	 is	 of	




For	 example,	 interventions	 that	 stimulate	 weed	
germination	during	intercropping	such	as	a	stale	seedbed	
or	a	stubble	ploughing,	will	promote	germinations	and	
thus	 soil	 seed	 bank	 exhaustion	 (Infloweb,	 2016).	 It	
is	 also	 advisable	 to	 avoid	 cultivating	 frequently	 and	
successively	 easy	 invasible	 crops	 (e.g.	 sunflowers	 or	
soya),	 to	 limit	 the	production	of	new	seeds.	Plowing	




data	 about	 finite	 growth	 rates	 of	 A. artemisiifolia	
invasive	populations.	It	is	therefore	difficult	to	evaluate	
if	 the	 finite	 growth	 rate	we	measured	 in	 our	 field	 is	
uncommonly	 high,	 or	 not.	 The	 λ	 calculated	 in	 this	
study	is	related	to	recently	introduced	populations	that	
are	 based	 on	 transplanted	 plants.	 The	 results	 should	
therefore	 be	 handled	 with	 caution.	 Nevertheless,	 the	
density	of	the	offspring	reached	1,020	±	70	plants.m-2.	
This	number	is	about	ten	times	higher	than	the	density	









The	 regional	 climatic	 data	 have	 shown	 that	
the	 considered	 years,	 although	 relatively	 similar,	
were	 slightly	 outside	 the	 range	 of	 temperatures	 and	
precipitations	 that	 the	 region	 normally	 undergoes.	
While	 regrettable	 from	 the	 perspective	 of	 having	





to	 limit	 the	 species	 distribution	 area	 (Allard,	 1943;	
Chapman	et	al.,	2014).	In	2014,	the	warmer	temperatures	
likely	 favored	 the	 offspring	 growth.	 Since	 growing	
conditions	were	different	between	2013	and	2014	due	
to	 the	 larger	number	of	growing	plants,	 it	 is	difficult	






This	 work	 showed	 that	 when	 introduced	 into	 an	
agricultural	 habitat	 of	Belgium,	A. artemisiifolia	was	
able	 to	establish	populations	with	an	 important	finite	
growth	 rate.	Despite	 the	 current	 rarity	 of	 the	 species	
in	the	agricultural	fields	of	Belgium,	the	growth	of	the	
species	 does	 not	 appear	 to	 be	 limited	 in	 this	 habitat.	
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